espacenet — Bibliographic data 



Page 1 of 1 



DEVICE AND METHOD FOR DISTILLATION 

Patent number: EP1 084741 (A1) 
Publication date: 2001-03-21 

Inventor(s): TAMURA KATSUNORI [JP]; NISHIYAMA KEN [JP]; INOUE " 

TAIZO [JP]; YOSHIMOTO KEIJI [JP]; OKAMOTO NOBORU " 
[JP]; NAGASHIMA MINORU [JP] + 

Applicant(s): SUMITOMO HEAVY INDUSTRIES [JP] + ' 

Classification: 

- international: B01D3/00; B01D3/14; B01D3/20; (IPC1-7): B01 D3/32 

- european: B01 D3/00F; B01D3/14; B01D3/20 
Application number: EP19990917217 19990428 

Priority number(s): WOl 999JP02286 19990428; JP199801231 16 19980506; > 
JP19980123117 19980506; JP199801231 18 19980506; r 
JP19980123119 19980506; JP19980123120 19980506; \ 
JP19980123121 19980506; JP19990002160 19990107 f 



Also published as: 

5 EP1 084741 (A4) 
5KR20010043354 (A) 
3 W09956848 (A1) 
] ID27034 (A) 

3 CN 1299296 (A) 



Cited documents: 

DE19617210(A1) 
US5339648 (A) 
EP0141356 (A2) 
DE4418488 (A1) 
US4557877 (A) 



Abstract Of EP 1084741 (A1) 

An object of the present invention is to reduce the 
number of instruments used in a distillation 
apparatus to thereby simplify control. A distillation 
apparatus includes a column body; partitions (22- 
24) for dividing the interior of the column body into 
rs(14A-16A)ar 



id chambers 



nozzle (41) for feeding into tl 
material liquid (M); a first d 
including an enriching section (AR1) located at an 
upper portion thereof and an exhaust section (AR2) 
located at a lower portion thereof; a second 
distillation section (26) including an enriching 
section (AR3) located at an upper portion thereof 
and an exhaust section (AR4) located at a lower 
portion thereof; a third distillation section (27) 
including an enriching section (AR5) located at an 
upper portion thereof and an exhaust section (AR6) 
located at a lower portion thereof; first discharge 
means for discharging a first component; second 
discharge means for discharging a second 
component; and third discharge means for 
discharging a third component The partitions (22- 
24) are biased such that the cross-sectional area of 
the first chambers (1 4A-1 6A) differs from that of the 
second chambers (14B-16B). A pressure loss 
arising in the first chambers (14A-16A) and sum of 
pressure losses arising in the second chambers 
(14B-16B) can be equalized, thereby eliminating 
influence of descending liquid on ascending vapor. 
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DEVICE AND METHOD FOR DISTILLATION 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 
Description of EP 1084741 (A1) 

TECHNICAL FIELD 



[0001] The present invention relates to a distillation apparatus and a distillation method. 



BACKGROUND ART 



[0002] Conventionally, a distillation apparatus composed of a plurality of distillation columns for obtaining products 
through distillation-effected separation of a plurality of components contained in a material liquid occupies a large area 
when the distillation columns are constructed separately from one another. In a side-column-type distillation apparatus, 
in order to adjust pressure within each distillation column, distribution of vapor among the distillation columns must be 
controlled, with the result that the distillation columns cannot be operated stably. 

[0003] In order to cope with the above problems, there has been provided a distillation apparatus equipped with a 
Petlyuk-type distillation column. In this distillation apparatus, an inner cylinder is disposed within an outer cylinder, and 
a material liquid is fed into the inner cylinder so as to undergo distillation. 

[0004] However, manufacture of this distillation apparatus encounters difficulty in supporting the inner cylinder with 
respect to the outer cylinder, in disposing a line in such a manner as to extend through the outer cylinder, and in 
attaching a feed nozzle to the inner cylinder. As a result, the cost of manufacture of the distillation apparatus becomes 
high Since sufficient sealing cannot be established between the line and the outer cylinder and between the feed 
nozzle and the inner cylinder, distillation efficiency drops. Since the inner and outer cylinders are disposed 
concentrically, an exhaust section and an enriching section each assume an annular structure. Thus, manufacture of 
trays to be disposed in the exhaust section and the enriching section is difficult. 

[0005] In order to cope with the above problem, there has been provided a distillation apparatus whose interior is 
divided by means of a flat partition (refer to US Patent No. 4,230,533). 

[0006] The distillation apparatus is fed with a material liquid through an inlet pipe and includes a first distillation section, 
which in turn includes an enriching section formed above the inlet pipe and an exhaust section formed below the inlet 
pipe; a second distillation section, which in turn includes an enriching section connected to and formed above the upper 
end of the first distillation section and an exhaust section formed below the upper end and located adjacent to the 
enriching section of the first distillation section while being separated by the partition; and a third distillation section, 
which in turn includes an enriching section connected to and formed above the lower end of the first distillation section 
and located adjacent to the exhaust section of the first distillation section while being separated by the partition, and an 
exhaust section formed below the lower end 

[0007] In this case, the cost of the distillation apparatus can be lowered, distillation efficiency can be increased, and 
trays can be manufactured easily. 

[0008] However, in the above-mentioned conventional distillation apparatus, in order to appropriately distribute liquid 
descending from its upper portion between the enriching section of the first distillation section and the exhaust section 
of the second distillation section, not only must the flow rate of liquid fed from the enriching section of the second 
distillation section to the enriching section of the first distillation section be regulated by means of an analyzer, a flow 
controller, and a flow control valve, but also the flow rate of liquid fed from the enriching section of the second 
distillation section to the exhaust section of the second distillation section must be regulated by means of a level 
sensor, a flow controller, and a flow control valve. 

[0009] Also, in order to appropriately distribute between the exhaust section of the first distillation section and the 
enriching section of the third distillation section, the liquid descending from above, not only must the flow rate of a 
material liquid fed to the first distillation section be regulated by means of a flow controller and a flow control valve, but 
also the amount of a product discharged from a position located between the first and second distillation sections must 
be regulated by means of a level sensor, a flow controller, and a flow control valve. 

[001 0] Further, in order to appropriately distribute between the exhaust section of the first distillation section and the 
enriching section of the third distillation section, vapor ascending from below, not only must the flow rate of vapor fed 
from the exhaust section of the third distillation section to the exhaust section of the first distillation section be regulated 
by means of an analyzer and a flow control valve, but also the flow rate of vapor fed from the exhaust section of the 
third distillation section to the enriching section of the third distillation section must be regulated by means of an 
analyzer and a flow control valve. 

[001 1] As mentioned above, in order to appropriately distribute liquid and vapor, not only must instrumentation, such as 
analyzers, flow controllers, flow control valves, and level sensors, be disposed, but also complicated control must be 
performed through operation of the instruments, causing an increase in the size and cost of the distillation apparatus. 

[0012] An object of the present invention is to provide a distillation apparatus and a distillation method capable of 
reducing the number of instruments, simplifying control, reducing apparatus size, and reducing cost, through solution of 
the above problems involved in the conventional distillation apparatus. 



DISCLOSURE OF THE INVENTION 



[0013] To achieve the above object, a distillation apparatus of the present invention comprises a column body; a 
partition for dividing the interior of the column body into a first chamber and a second chamber, which are adjacent to 
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each other; a feed nozzle for feeding into the column body a material liquid containing at least first to third components; 
a first distillation section comprising an enriching section located at an upper portion thereof and an exhaust section 
located at a lower portion thereof; a second distillation section disposed such that at least a portion thereof is adjacent 
to the top of the column body, and comprising an enriching section located at an upper portion thereof and an exhaust 
section located at a lower portion thereof; a third distillation section disposed such that at least a portion thereof is 
adjacent to the bottom of the column body, and comprising an enriching section located at an upper portion thereof and 
an exhaust section located at a lower portion thereof; first discharge means for discharging the first component; second 
discharge means for discharging the second component; and third discharge means for discharging the third 
component. 

[0014] The partition is biased such that the cross-sectional area of the first chamber differs from that of the second 



[0015] In this case, through employment of the first and second chambers of different cross-sectional areas, a pressure 
loss arising in the first chamber and that arising in the second chamber can be equalized, thereby eliminating influence 
of descending liquid on ascending vapor. Thus, vapor ascends while being distributed uniformly. 

[0016] Distribution of vapor does not require disposition of many instruments, such as an analyzer, a flow controller, a 
flow control valve, and a level sensor, nor does it require execution of complicated control through operation of the 
instruments. Accordingly, the size of the distillation apparatus can be reduced, and the cost of the distillation apparatus 
can be reduced as well. 

[001 7] Since the descending of liquid and the ascending of vapor within the column body can be smoothened, 
occurrence of a channeling (lack of liquid) phenomenon in a packing can be prevented. Also, occurrence of 
maldistribution (nonuniform dispersion of liquid) can be prevented. 

[0018] In another distillation apparatus of the present invention, the first distillation section is disposed at the center of 

[0019] In a further distillation apparatus of the present invention, the feed nozzle is adapted to feed the material liquid 

[0020] In still another distillation apparatus of the present invention, a packing is disposed in at least the enriching 
section and the exhaust section of the first distillation section such that the packing disposed in the enriching section 
and the packing disposed in the exhaust section are independent of each other 

[0021] In a still further distillation apparatus of the present invention, the second distillation section comprises the 
enriching section connected to and formed above an upper end of the first distillation section, and the exhaust section 
formed below the upper end and located adjacent to the enriching section of the first distillation section while being 
separated by the partition. 

[0022] The third distillation section comprises the enriching section connected to and formed above a lower end of the 
first distillation section, and located adjacent to the exhaust section of the first distillation section while being separated 
by the partition; and the exhaust section formed below the lower end. 

[0023] In a still further distillation apparatus of the present invention, the feed nozzle is disposed between the enriching 
section and the exhaust section in the first distillation section. 

[0024] In a still further distillation apparatus of the present invention, the packings are of the same kind. 

[0025] In a still further distillation apparatus of the present invention, the packings are of different kinds. 

[0026] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a first chamber and a second chamber, which are adjacent to each other; a feed nozzle 
for feeding into the column body a material liquid containing at least first to third components; a first distillation section 
comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower portion 
thereof; a second distillation section disposed such that at least a portion thereof is adjacent to the top of the column 
body, and comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower 
portion thereof; a third distillation section disposed such that at least a portion thereof is adjacent to the bottom of the 
column body, and comprising an enriching section located at an upper portion thereof and an exhaust section located at 
a lower portion thereof; first discharge means for discharging the first component; second discharge means for 
discharging the second component; and third discharge means for discharging the third component. 

[0027] Liquid descending from the enriching section of the second distillation section is distributed between the 
enriching section of the first distillation section and the exhaust section of the second distillation section at a distribution 
ratio which is predetermined on the basis of distillation conditions. A pressure loss arising in the first distillation section 
is equalized with sum of a pressure loss arising in the exhaust section of the second distillation section and a pressure 
loss arising in the enriching section of the third distillation section. 

[0028] In this case, since a pressure loss arising in the first distillation section is equalized with sum of a pressure loss 
arising in the exhaust section of the second distillation section and a pressure loss arising in the enriching section of the 
third distillation section, descending liquid does not affect ascending vapor. Thus, vapor ascends while being distributed 

[0029] Distribution of vapor does not require disposition of many instruments, such as an analyzer, a flow controller, a 
flow control valve, and a level sensor, nor does it require execution of complicated control through operation of the 
instruments. Accordingly, the size of the distillation apparatus can be reduced, and the cost of the distillation apparatus 
can be reduced as well. 

[0030] Since the descending of liquid and the ascending of vapor within the column body can be smoothened, 
occurrence of a channeling phenomenon in the packings can be prevented. Also, occurrence of maldistribution can be 
prevented. 

[0031] In a still further distillation apparatus of the present invention, an F factor in at least the first distillation section, 
the exhaust section of the second distillation section, and the enriching section of the third distillation section is set to a 
value that enables obtainment of a pressure loss almost free from influence of the amount of descending liquid. 
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[0032] In a still further distillation apparatus of the present invention, an F factor in at least the first distillation section, 
the exhaust section of the second distillation section, and the enriching section of the third distillation section is 1 .0-1 .5. 

[0033] In this case, since the F factor is 1 .0-1 .5, a pressure loss remains almost unchanged even when the amount of 
descending liquid varies. Accordingly, a pressure loss arising in the first distillation section is equalized with sum of a 
pressure loss arising in the exhaust section of the second distillation section and a pressure loss arising in the enriching 
section of the third distillation section. 

[0034] In a still further distillation apparatus of the present invention, the pressure losses are calculated on the basis of 
the number of theoretical stages, the number of theoretical stages per meter, and a pressure loss per unit height 

[0035] In a still further distillation apparatus of the present invention, the ratio between the cross-sectional area of the 
first distillation section and the cross-sectional area of the exhaust section of the second distillation section, and the 
ratio between the cross-sectional area of the first distillation section and the cross-sectional area of the enriching 
section of the third distillation section are established according to the amount of ascending vapor. 

[0036] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a plurality of chambers, which are adjacent to one another; a collector disposed within 
the column body and adapted to collect liquid descending from above; and a channel-type distributor for distributing 
liquid collected by the collector, among the chambers in different portions. 

[0037] In this case, liquid descending from above is collected by the collector and then distributed among the chambers 
in different portions. 

[0038] Accordingly, distillation can be performed in the optimum state according to distillation conditions, thereby 
decreasing energy consumption in the distillation apparatus. Furthermore, since there is no need for employing a 
complicated instrumentation control system, the size of the distillation apparatus can be reduced, and the cost of the 
distillation apparatus can be reduced as well. 

[0039] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a plurality of chambers, which are adjacent to one another; a collector disposed within 
the column body and adapted to collect liquid descending from above; and an open static-pressure-type tubular 
distributor for distributing liquid collected by the collector, among the chambers in different portions. 

[0040] In this case, liquid descending from above is collected by the collector and then distributed among the chambers 
in different portions. 

[0041] Accordingly, distillation can be performed in the optimum state according to distillation conditions, thereby 
decreasing energy consumption in the distillation apparatus. Furthermore, since there is no need for employing a 
complicated instrumentation control system, the size of the distillation apparatus can be reduced, and the cost of the 
distillation apparatus can be reduced as well. 

[0042] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a plurality of chambers, which are adjacent to one another; a collector disposed within 
the column body and adapted to collect liquid descending from a single chamber located thereabove; and an open 
static-pressure-type tubular distributor for distributing liquid collected by the collector to a single chamber located 
therebelow. 

[0043] The distributor comprises an open static-pressure-type stand pipe for accumulating liquid discharged from the 
collector so as to establish a predetermined head; a first distribution section for distributing liquid in a direction 
perpendicular to the partition; and a second distribution section disposed in connection with the first distribution section 
and adapted to distribute liquid having been distributed by the first distribution section, in the same direction as that of 
the partition. 

[0044] The first distribution section is connected to a lower end of the stand pipe at a position biased toward the 
partition from the center of the chamber. 

[0045] In this case, liquid descending from one of the upper chambers is collected by the collector and then distributed 
to one of the lower chambers by the distributor Since the first distribution section is connected to a lower end of the 
stand pipe at a position biased toward the partition from the center of the chamber, a pressure loss associated with flow 
resistance within the first distribution section can be made the same among the second distribution sections. 

[0046] Accordingly, the liquid can be distributed uniformly over the entire chamber. 

[0047] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a plurality of chambers, which are adjacent to one another; a collector box for forming a 
liquid collection gutter along the inner wall of each of the column body and the partition; and a plurality of collector 
laminas disposed on the collector box at predetermined pitches in parallel with one another. 

[0048] Each of the collector laminas comprises an inclined portion and a gutter portion, and one end of the gutter 
portion faces the column body side of the liquid collection gutter while the other end of the gutter portion faces the 
partition side of the liquid collection gutter. 

[0049] In this case, liquid descending from the upper chambers impinges against the collector laminas, flows along the 
inclined portions, and is received by the gutter portions. The thus-received liquid is transferred horizontally to the liquid 

100501 Accordingly, since a material liquid can be mixed with the liquid within the liquid collection gutter, a biased flow of 
the liquid does not occur. Thus, liquid and vapor can make sufficient contact with each other in the upper and lower 
chambers. 

[0051] Since there is no need for projecting the collector box to a great extent into the interior of the column body in 
order to withdraw a product, a biased flow of vapor does not occur. Thus, liquid and vapor can make sufficient contact 
with each other in the upper and lower chambers. 
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[0052] Vapor ascending from the lower chambers flows through gaps between collector laminas and ascends along the 
Inclined portions while being directed away from the column center Since vapor ascends smoothly along the inclined 
portions, a pressure loss becomes negligibly small. Thus, since a biased flow of vapor does not occur, liquid and vapor 
can make sufficient contact with each other in the upper and lower chambers 

[0053] A still further distillation apparatus of the present invention comprises a column body; a partition for dividing the 
interior of the column body into a plurality of chambers, which are adjacent to one another; a collector box for forming a 
liquid collection gutter along the inner wall of each of the column body and the partition; and a plurality of collector 
laminas disposed on the collector box at predetermined pitches in parallel with one another. 

[0054] The collector box and the collector laminas are assembled in advance, and the collector box is engaged with the 
column body and the partition. 

[0055] In this case, since a material liquid is mixed with liquid within the liquid collection gutter, a biased flow of the 
liquid does not occur. Thus, liquid and vapor can make sufficient contact with each other in the upper and lower 
chambers. 

[0056] Since there is no need for projecting the collector box to a great extent into the interior of the column body in 
order to withdraw a product, a biased flow of vapor does not occur. Thus, liquid and vapor can make sufficient contact 

[0057] Since vapor ascending from the lower chambers flows through gaps between collector laminas and ascends 
smoothly along the inclined portions, a pressure loss becomes negligibly small. Thus, since a biased flow of vapor does 
not occur, liquid and vapor can make sufficient contact with each other in the upper and lower chambers. 

[0058] Furthermore, since the collector box and the collector laminas are assembled in advance, the collector can be 
easily attached to the column body. Since there is no need for assembling the collector within the distillation column, 
assembling work can be simplified. 

[0059] In a still further distillation apparatus of the present invention, an upper end of the collector box is engaged with 
the column body and the partition; and a flange of the column body and the partition are sealed against each other by 
means of a gasket assuming a form corresponding to the column body and the partition. 

[0060] A distillation method of the present invention comprises the steps of: feeding a material liquid containing at least 
first to third components into a column body which comprises a first distillation section comprising an enriching section 
located at an upper portion thereof and an exhaust section located at a lower portion thereof; a second distillation 
section disposed such that at least a portion thereof is adjacent to the top of the column body, and comprising an 
enriching section located at an upper portion thereof and an exhaust section located at a lower portion thereof; a third 
distillation section disposed such that at least a portion thereof is adjacent to the bottom of the column body, and 
comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower portion 
thereof; and a partition which is disposed in a biased manner so as to render the cross-sectional area of a first chamber 
different from that of a second chamber; condensing vapor containing a predetermined component, by means of a 
condenser connected to an upper end of the second distillation section; evaporating liquid containing a predetermined 
component, by means of an evaporator connected to a lower end of the third distillation section; and obtaining liquid 
rich in the first component at the upper end of the second distillation section, liquid rich in the third component at the 
lower end of the third distillation section, and liquid rich in the second component at a section where the partition is 
disposed. 

[0061] In another distillation method of the present invention, the first component is lower in boiling point than the 
second component, which in turn is lower in boiling point than the third component. 



BRIEF DESCRIPTION OF DRAWINGS 



FIG. 1 is a conceptual view of a coupling-type distillation column in a first embodiment of the present invention; FIG. 2 is 
a conceptual view of a distillation apparatus in the first embodiment of the present invention; FIG. 3 is a view for 
explaining a distributor of a third section in the first embodiment of the present invention; FIG. 4 is a plan view of the 
distributor of the third section in the first embodiment of the present invention; FIG. 5 is a side view of the distributor of 
the third section in the first embodiment of the present invention; FIG. 6 is a detailed view of a first essential portion of 
the distributor of the third section in the first embodiment of the present invention; FIG. 7 is a detailed view of a second 
essential portion of the distributor of the third section in the first embodiment of the present invention; FIG. 8 is a plan 
view showing essential portions of a distributor of a fifth section in the first embodiment of the present invention; FIG 9 
is a view showing the state of connection between a stand pipe and a main header in the first embodiment of the 
present invention; FIG. 10 is a table showing the result of simulation of pressure loss in the first embodiment of the 
present invention; FIG. 1 1 is a table showing characteristics of a coupling-type distillation column in a second 
embodiment of the present invention; FIG. 1 2 is a table showing properties of packings in the second embodiment of 
the present invention; FIG. 13 is a table showing characteristics of a coupling-type distillation column in a third 
embodiment of the present invention; FIG. 14 is a table showing properties of packings in the third embodiment of the 
present invention; FIG. 15 is a table showing characteristics of a coupling-type distillation column in a fourth 
embodiment of the present invention; FIG. 16 is a table showing properties of packings in the fourth embodiment of the 
present invention; FIG. 17 is a conceptual view of essential portions of a coupling-type distillation column in a fifth 
embodiment of the present invention; FIG. 18 is a sectional view of essential portions of the coupling-type distillation 
column in the fifth embodiment of the present invention; FIG. 19 is a conceptual view of essential portions of a coupling- 
type distillation column in the sixth embodiment of the present invention; FIG. 20 is a sectional view of essential 
portions of the coupling-type distillation column in the sixth embodiment of the present invention; FIG. 21 is a view for 
explaining a distributor in a seventh embodiment of the present invention; FIG. 22 is a plan view of essential portions of 
the distributor in the seventh embodiment of the present invention; FIG 23 is a view showing the state of connection 
between a stand pipe and a main header in the seventh embodiment of the present invention, FIG. 24 is a view 
showing the state of connection between the main header and an arm tube in the seventh embodiment of the present 
invention; FIG. 25 is a view for explaining a stand pipe in an eighth embodiment of the present invention; FIG. 26 is a 
schematic view of essential portions of a coupling-type distillation column in a ninth embodiment of the present 
invention; FIG. 27 is a schematic view of a distributor in a tenth embodiment of the present invention; FIG. 28 is a 
schematic view of a distributor in an eleventh embodiment of the present invention; FIG. 29 is a schematic view of 
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essential portions of a coupling-type distillation column in a twelfth embodiment of the present invention; FIG. 30 is a 
conceptual view of a coupling-type distillation column in a thirteenth embodiment of the present invention; FIG. 31 is a 
sectional view of essential portions of a collector in the thirteenth embodiment of the present invention, FIG. 32 is a plan 
view of the collector in the thirteenth embodiment of the present invention; FIG. 33 is a plan view of a collector box in 
the thirteenth embodiment of the present invention; FIG. 34 is a sectional view of the collector box in the thirteenth 
embodiment of the present invention; FIG. 35 is a view showing the state of mounting of a collector in a fourteenth 
embodiment of the present invention; FIG. 36 is a sectional view of essential portions of a coupling-type distillation 
column in the fourteenth embodiment of the present invention; FIG. 37 is a plan view of the collector in the fourteenth 
embodiment of the present invention; FIG. 38 is a sectional view of the collector in the fourteenth embodiment of the 
present invention; and FIG. 39 is a view showing a gasket in the fourteenth embodiment of the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0063] The embodiments of the present invention will next be described in detail with reference to the drawings. 

[0064] FIG. 1 is a conceptual view of a coupling-type distillation column in a first embodiment of the present invention. 
FIG. 2 is a conceptual view of a distillation apparatus in the first embodiment of the present invention. 

[0065] In the drawings, reference numeral 10 denotes a coupling-type distillation column. The coupling-type distillation 
column 10 includes a first section 11, a second section 12, a third section 13, a fourth section 14, a fifth section 15, a 
sixth section 16, a seventh section 17, an eighth section 18, and a ninth section 19. 

[0066] In a column body serving as a shell of the coupling-type distillation column 10, a partition 22 divides the fourth 
section 14 into a first chamber 14A and a second chamber 14B; a partition 23 divides the fifth section 15 into a first 
chamber 15A and a second chamber 15B; and a partition 24 divides the sixth section 16 into a first chamber 16A and a 
second chamber 16B. The first chambers 14A-16A are adjacent to the second chambers 14B-16B, respectively. The 
first chambers 14A-16A constitute a first distillation section 25; the first section 11, the second section 12, the third 
section 13, and the second chamber 14B constitute a second distillation section 26; and the second chambers 15B and 
16B, the seventh section 17, the eighth section 18, and the ninth section 19 constitute a third distillation section 27. 

[0067] Notably, the partitions 22-24 can be made heat insulating through employment of a design such that the 
partitions 22-24 are formed of an insulating material or a design such that the interiors of the partitions 22-24 are made 
vacuum In this case, since there can be reduced heat transmission between the first chamber 14A and the second 
chamber 14B, between the first chamber 15A and the second chamber 15B, and between the first chamber 16A and 
the second chamber 16B, the efficiency of distillation can be enhanced. 

[0068] The fifth section 15 is disposed substantially at the center of the coupling-type distillation column 10. A feed 
nozzle 41 is formed at the first chamber 1 5A, and a side cut nozzle 42 is formed at the second chamber 1 5B The first 
section 1 1 is disposed at the top of the coupling-type distillation column 10 A vapor outlet 43 and a reflux liquid inlet 44, 
which are connected to a condenser 31 , are formed at the first section 1 1 . The ninth section 19 is disposed at the 
bottom of the coupling-type distillation column 10. A column-bottom liquid outlet 45 and a vapor inlet 46, which are 
connected to an evaporator 32, are formed at the ninth section 19. The vapor outlet 43 constitutes first discharge 
means; the side cut nozzle 42 constitutes second discharge means; and the column-bottom liquid outlet 45 constitutes 
third discharge means. 

[0069] In the thus-configured coupling-type distillation column 10, a mixture which predominantly contains components 
A-C is fed as a material liquid M to the feed nozzle 41 . Component A is lower in boiling point than component B, which 
in turn is lower in boiling point than component C. Components A-C constitute first through third components; and the 
coupling-type distillation column 10, the condenser 31, the evaporator 32, etc. constitute a distillation apparatus. 

[0070] In the first distillation section 25, the first chamber 14A disposed above the feed nozzle 41 forms an enriching 
section AR1, and the first chamber 16A disposed below the feed nozzle 41 forms an exhaust section AR2. In the 
second distillation section 26, the second section 12 connected to and disposed above the upper end of the first 
distillation section 25 forms an enriching section AR3, and the second chamber 14B disposed below the upper end of 
the first distillation section 25 while being adjacent to the enriching section AR1 forms an exhaust section AR4. In the 
third distillation section 27, the second chamber 16B connected to and disposed above the lower end of the first 
distillation section 25 while being adjacent to the exhaust section AR2 forms an enriching section AR5, and the eighth 
section 1 8 disposed below the lower end of the first distillation section 25 forms an exhaust section AR6 

[0071] As described above, the upper end of the first distillation section 25 is connected to the substantial center of the 
second distillation section 26, and the lower end of the first distillation section 25 is connected to the substantial center 
of the third distillation section 27. 

[0072] According to a method for distillation by means of the above-configured distillation apparatus, the material liquid 
M fed through the feed nozzle 41 descends in the exhaust section AR2, during which vapor rich in components A and B 
is generated in an upper portion of the exhaust section AR2, and liquid rich in components B and C is generated in a 
lower portion of the exhaust section AR2, The liquid rich in components B and C is fed to the third distillation section 27 
from the lower end of the first distillation section 25. 

[0073] The liquid rich in components B and C is evaporated through application of heat in the third distillation section 27 
to become vapor rich in components B and C. The thus-generated vapor ascends in the exhaust section AR2, during 
which the vapor contacts the material liquid M, causing vapor rich in components A and B to evaporate from the 
material liquid M. 

[0074] The vapor rich in components A and B ascends in the enriching section AR1 and is then fed to the second 
distillation section 26 from the upper end of the first distillation section 25. Subsequently, the vapor rich in components 
A and B is condensed into liquid rich in components A and B through cooling in the second distillation section 26. 

[0075] A portion of the liquid rich in components A and B is refluxed to the enriching section AR1 so as to be brought in 
contact with vapor rich in components A and B ascending in the enriching section AR1. 

[0076] Thus, vapor rich in components A and B can be fed to the second distillation section 26 from the top end of the 
first distillation section 25. 
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[0077] In the exhaust section AR6, liquid rich in components B and C descends, during which vapor rich in component 
B is generated in an upper portion thereof, and liquid rich in component C is generated in a lower portion thereof. 
Accordingly, the liquid rich in component C is discharged as a column-bottom liquid from the column-bottom liquid outlet 
45. 

[0078] A portion of the liquid rich in column C discharged from the column-bottom liquid outlet 45 is sent to the 
evaporator 32, where the liquid is evaporated through application of heat to become vapor rich in component C The 
vapor rich in component C is fed to the ninth section 19 from the vapor inlet 46. While the vapor rich in component C 
ascends in the ninth section 19 and the exhaust section AR6, the vapor rich in component C contacts liquid rich in 
components B and C, causing vapor rich in component B to be generated from the liquid rich in components B and C 

[0079] Then, a portion of the vapor rich in component B ascends in the enriching section AR5, during which the portion 
of the vapor rich in component B contacts the liquid rich in component B from the second distillation section 26 at the 
upper end of the third distillation section 27 to thereby become liquid rich in component B. The liquid rich in component 
B obtained at the upper end of the third distillation section 27 is discharged as a side cut liquid; i.e., a product from the 

[0080] In the exhaust section AR4 of the second distillation section 26, liquid rich in components A and B descends, 
during which vapor rich in component A is generated in an upper portion thereof, and liquid rich in component B is 
generated in a lower portion thereof. The liquid rich in component B obtained at the lower end of the second distillation 
section 26 is discharged as a product from the side cut nozzle 42. 

[0081] Then, the vapor rich in component A ascends in the enriching section AR3 and is then discharged from the 
vapor outlet 43 The discharged vapor rich in component A is sent to the condenser 31 , where the vapor is condensed 
into liquid rich in component A. 

[0082] As described above, vapor rich in components A and B is separated into vapor rich in component A and liquid 
rich in component B by means of the second distillation section 26. The vapor rich in component A is discharged from 
the top of the column and condensed into liquid rich in component A by means of the condenser 31. The liquid rich in 
component B is discharged as a product from the side cut nozzle 42. Liquid rich in components B and C is separated 
into liquid rich in component B and liquid rich in component C by means of the third distillation section 27. The liquid 
rich in component B is discharged as a product from the side cut nozzle 42. The liquid rich in component C is 
discharged from the bottom of the column. 

[0083] In order to enhance the efficiency of distillation for component A, the liquid rich in component A is refluxed into 
the enriching section AR3 from the reflux liquid inlet 44 and brought into contact with vapor rich in components A and B 
ascending in the enriching section AR3. 

[0084] Notably, each of the enriching sections AR1 , AR3, and AR5 and the exhaust sections AR2, AR4, and AR6 is 
formed of a packing including a single node. However, depending on relative volatility among components to be 
obtained through distillation, in order to attain the number of theoretical stages required for distillation, a packing 
including a plurality of nodes may be formed so as to produce packing properties to be used, Also, a distributor may be 
disposed between the nodes. Furthermore, the feed nozzle 41 and the side cut nozzle 42 are not necessarily disposed 



[0085] As described above, the material liquid M can be separated into components A-C without use of a plurality of 

[0086] Since there is no need for repeating heating and cooling in a plurality of distillation columns, the number of 
instruments, such as a condenser, an evaporator, and a pump, can be reduced. Accordingly, an area to be occupied 
can be reduced, and the amount of consumption of utilities and consumed energy can be reduced as well, thereby 
reducing the cost of the distillation apparatus. 

[0087] Preferably, the coupling-type distillation column 10 has a total of about 30-100 theoretical stages, and about 5-30 
theoretical stages are allocated to each of the fourth section 14 and the sixth section 16. 

[0088] Meanwhile, the third section 13 includes a collector 54 and a channel-type distributor 61. Liquid collected by the 
collector 54 is distributed to the first chamber 14A and the second chamber 14B of the fourth section 14 in 
predetermined different portions by means of the distributor 61 . 

[0089] The first chamber 1 5A of the fifth section 1 5 includes a collector 62 disposed just above the feed nozzle 41 and a 
tubular distributor 63 disposed just under the feed nozzle 41 . Liquid collected by the collector 62, together with the 
material liquid M fed through the feed nozzle 41 , is fed to the first chamber 16A of the sixth section 16 by means of the 
distributor 63 

[0090] Meanwhile, the second chamber 1 5B of the fifth section 1 5 includes a chimney-hat-type collector 65 disposed 
just above the side cut nozzle 42 and a tubular distributor 66 disposed just under the side cut nozzle 42. Liquid 
collected by the collector 65 is discharged as a product from the side cut nozzle 42 and fed to the second chamber 16B 
of the sixth section 16 by means of the distributor 66. 

[0091] Furthermore, the seventh section 17 includes a collector 67 and a tubular distributor 68. Liquid descending from 
the sixth section 16 is collected by the collector 67 and is then fed to the eighth section 18 by means of the distributor 

68. 

[0092] In the present embodiment, liquid descending to the third section 13 from above; i.e., from the second section 12 
is distributed between the first chamber 14A and the second chamber 14B of the fourth section 14. A distribution ratio is 
preestablished on the basis of distillation conditions, such as components A-C of the material liquid M, the composition 
of components A-C of the material liquid M, the number of theoretical stages of the coupling-type distillation column 1 0, 
and the required purity (quality) of a product. 

[0093] The distributor 61 includes an unillustrated distribution section for distributing liquid in a direction perpendicular 
to the partition 22 and is adapted to make the amount of liquid fed to an upper portion of the first chamber 14A 
(hereinafter called a "first-chamber upper-portion") and the amount of liquid fed to an upper portion of the second 
chamber 14B (hereinafter called a "second-chamber upper-portion") differ from each other. 
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[0094] Notably, since the aforementioned product is discharged from the side cut nozzle 42, the amount of liquid fed to 
the second-chamber upper-portion becomes greater than that fed to the first-chamber upper-portion. 

[0095] When, in order to obtain products of two or more kinds, distillation conditions are to be modified in the distillation 
apparatus, the aforementioned aisiriDution ratio must be changed according to the distillation conditions. To meet this 
end, a plurality of distribution sections of different distribution ratios are disposed. Liquid descending from the second 
section 12 is collected by the collector 54 and is then selectively fed to the distributor 61 via a selector valve 33 or 34. 
For example, when a product of a purity of 99. 98 (% by weight) is to be obtained, a distribution ratio of 4:6 is selected. 
When a product of a purity of 99.999 (% by weight) is to be obtained, a distribution ratio of 2:8 is selected. A load factor 
is changed to 50-100 (%). 

[0096] Since liquid can be distributed at the optimum distribution ratio merely through employment of the distribution 
sections, there is no need for not only disposing many instruments, such as an analyzer, a flow controller, a flow control 
valve, and a level sensor, for distribution of liquid, but also executing complicated control through operation of the 
instruments. Accordingly, the size of the distillation apparatus can be reduced, and the cost of the distillation apparatus 
can be reduced as well 

[0097] Next will be described the distributor 61 in the third section 13. 

[0098] FIG. 3 is a view for explaining a distributor of the third section in the first embodiment of the present invention. 
FIG. 4 is a plan view of the distributor of the third section in the first embodiment of the present invention. FIG. 5 is a 
side view of the distributor of the third section in the first embodiment of the present invention. FIG. 6 is a detailed view 
of a first essential portion of the distributor of the third section in the first embodiment of the present invention. FIG. 7 is 
a detailed view of a second essential portion of the distributor of the third section in the first embodiment of the present 



[0099] In FIG 3, reference numeral 12 denotes a second section; reference numeral 13 denotes a third section; and 
reference numeral 14 denotes a fourth section. Liquid descending from the second section 12 is collected by the 
collector 54. The collector 54 includes a cylindrical column body 70; a plurality of collector laminas 71 disposed at 
predetermined pitches in parallel with one another; and a collector box 72 formed along the inner circumferential wall of 
the column body 70 and including an annular gutter. Each of the collector laminas 71 includes a curved portion 73 
located at an upper end thereof; an inclined portion 74 located at a central portion thereof; and a gutter portion 75 
located at a lower end thereof. The curved portions 73 and the gutter portions 75 extend horizontally (in a direction 
perpendicular to paper in FIG. 3). 

[0100] Accordingly, liquid descending from the second section 12 impinges against the curved portions 73, flows along 
the inclined portions 74, and is then received by the gutter portions 75. The received liquid flows horizontally in the 
gutter portions 75 and then reaches the collector box 72. Subsequently, the liquid in the collector box 72 is discharged 
to a line L1 1 from a nozzle 52. 

[01 01 ] The line L1 1 branches out into lines L1 2 and L1 3. The lines L1 2 and L1 3 are connected to the distributor 61 via 
nozzles 53a and 53b, respectively Valves V1 and V2 serving as distribution-ratio change means are disposed on the 
lines L12 and L13, respectively. Through selective opening/closing of the valves V1 and V2, distribution in a first or 
second mode can be performed by means of the distributor 61. Specifically, in the first mode, liquid is fed to the 
distributor 61 via the line L12 and is then distributed by the distributor 61. In the second mode, liquid is fed to the 
distributor 61 via the line L1 3 and is then distributed by the distributor 61 . The valves V1 and V2 are opened/closed 
manually, or automatically on the basis of a signal from an unillustrated controller. 

[0102] The distributor 61 includes a first distribution section 77 for distributing liquid in a direction perpendicular to the 
partition 22; and a second distribution section 78 disposed just under the first distribution section 77 and adapted to 
distribute liquid distributed by the first distribution section 77, in the same direction as that of the partition 22. Thus, the 
liquid can be distributed uniformly over the entire fourth section 14. 

[0103] In the present embodiment, the distribution ratio of liquid in the fourth section 14 between the first chamber 14A 
and the second chamber 14B can be established and can be changed as well. The distribution ratio is established on 
the basis of distillation conditions, such as components A-C of the material liquid M, the composition of components A- 
C of the material liquid M, the number of theoretical stages of the coupling-type distillation column 10 (FIG. 1), and the 
required purity (quality) of a product. In this case, since a product is discharged from the side cut nozzle 42 located at 
the second chamber 1 5B of the fifth section 1 5, the amount of liquid distributed to the second chamber 14B is greater 
than that distributed to the first chamber 14A. As mentioned previously, when a product of a purity of 99.98 (% by 
weight) is to be obtained, a distribution ratio of 4:6 is selected. When a product of a purity of 99.999 (% by weight) is to 
be obtained, a distribution ratio of 2:8 is selected. A load factor is changed to 50-100 (%). 

[0104] Accordingly, even when distillation conditions are varied, distillation can be performed in the optimum state, 
thereby enhancing the efficiency of distillation. As a result, energy consumption in the distillation apparatus can be 
reduced. Furthermore, since there is no need for employing a complicated instrumentation control system, the size of 
the distillation apparatus can be reduced, and the cost of the distillation apparatus can be reduced as well. 

[0105] The first distribution section 77 includes two open static-pressure-type main channels 77a and 77b, which are 
opened upward and formed adjacent to each other. The main channels 77a and 77b extend across and over the 
partition 22 A plurality of holes 81 are formed in the bottom of each of the main channels 77a and 77b in a matrix 
manner. Through appropriate selection of the diameter and number of the holes 81 , the distribution ratio is set to, for 
example, 4:6 Or 2:8. 

[01 06] In order to prevent occurrence of nonuniform liquid level in the main channels 77a and 77b even when a 
dynamic pressure is generated in association with feed of liquid, buffers 84 are disposed in the main channels 77a and 
77b. Thus, the head of liquid within the main channels 77a and 77b can be held constant. 

[0107] Since the first distribution section 77 is composed of the open static-pressure-type main channels 77a and 77b, 
a sufficient amount of liquid can be stored in the first distribution section 77, and the stored liquid can descend through 
the holes 81 . Thus, the height of the first distribution section 77 can be lowered accordingly, thereby reducing the size 
of the distillation apparatus. 

[0108] Notably, for example, when a product of a single purity is to be separated from the material liquid M through 
distillation, the distribution ratio does not need to be changed. Thus, a single main channel is employed; the distribution 
ratio is fixed to, for example, 3:7; and only a load factor is changed to 50-100 (%). Liquid collected by the collector 54 is 
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fed to the distributor 61 without being discharged to the exterior of the column body 70. When products of three different 
purities are to be separated from the material liquid M through distillation, three main channels are employed in order to 
change the distribution rate. 

[0109] The second distribution section 78 includes a plurality of groups of box-type arm channels 78a and 7b, which are 
opened upward and formed adjacent to one another. The arm channels 78a and 78b are supported by supports 82 
while being connected on the group basis by clamps 85. A plurality of holes 83 are formed at equal pitches in the 
bottoms of the arm channels 78a and 78b. Holes, notches, or the like may be formed in side walls of the arm channels 
78a and 78b. The clamps 85 are connected by means of L-shaped members 92, which are fixedly attached to the side 
walls of the first distribution section 77, and bolts 91 . In this manner, the first distribution section 77 is supported by the 
second distribution section 78. Liquid in the main channel 77a is distributed and fed to the arm channels 78a. Liquid in 
the main channel 77b is distributed and fed to the arm channels 78b. In order to reliably feed the second distribution 
section 78 with liquid distributed by the first distribution section 77, stoppers 93 are attached to the supports 82 at 
relevant positions so as to position the second distribution section 78. 

[01 10] In order to make the amount of liquid to be fed to the first chamber 14A differ from the amount of liquid to be fed 
to the second chamber 14B, the following parameters are established according to the distribution ratio: the diameter 
d1 and the number n1 of the holes 81 formed in a portion of the bottom of the main channel 77a which is located in the 
first chamber 14A; the diameter d2 and the number n2 of the holes 81 formed in a portion of the bottom of the main 
channel 77a which is located in the second chamber 14B; the diameter d3 and the number n3 of the holes 83 formed in 
the bottoms of the arm channels 78a disposed on the side of the first chamber 1 4A; and the diameter d4 and the 
number n4 of the holes 83 formed in the bottoms of the arm channels 78a disposed on the side of the second chamber 
1 4B. Notably, the diameters d1 and d2 of a portion of the holes 81 may be reduced according to the distribution ratio. 

[0111] Thus, when the amount of liquid to be fed to the first chamber 14A is represented with q1 , and the amount of 
liquid to be fed to the second chamber 14B is represented with q2, q1 and q2 are expressed as follows. 

q1 = ( pi/4)d1<2> . n1 
= ( pi 14) d3<2> . n3 

q2 = ( pi 14) d2<2> . n2 
= ( pi 14) d4<2> . n4 



[0112] When the diameters d1 and d2 are established according to the distribution ratio, and the numbers n3 and n4 
are equalized, the cross-sectional areas of portions of a packing assigned to the individual holes 83 can be equalized. 

[01 13] In order to make the amount q1 of liquid to be fed to the first chamber 14A differ from the amount q2 of liquid to 
be fed to the second chamber 14B, the following parameters may be established according to the distribution ratio: the 
diameter d5 and the number n5 of the holes 81 formed in a portion of the bottom of the main channel 77b which is 
located in the first chamber 14A; the diameter d6 and the number n6 of the holes 81 formed in a portion of the bottom of 
the main channel 77b which is located in the second chamber 14B; the diameter d7 and the number n7 of the holes 83 
formed in the bottoms of the arm channels 78b disposed on the side of the first chamber 14A; and the diameter d8 and 
the number n8 of the holes 83 formed in the bottoms of the arm channels 78b disposed on the side of the second 
chamber 14B. 

[01 14] Since, through selective opening/closing of the valves V1 and V2, the distribution ratio can be changed 
according to distillation conditions, there is no need for employing a complicated instrumentation control system. 
Accordingly, the size of the distillation apparatus can be reduced, and the cost of the distillation apparatus can be 
reduced as well. 

[0115] Furthermore, since in the first chamber 14A and the second chamber 14B, the amount of liquid descending from 
the holes 83 can be equalized, there can be prevented occurrence of a channeling phenomenon in the packings 
contained in the first and second chambers 14A and 14B. 



[EMBODIMENTS] 



[0116] The production capacity of the coupling-type distillation column 1 0 for producing a product was 40,000 (t/Y); the 
diameter of the coupling-type distillation column 10 was 1,100 (mm); and packings employed were "BX PACKING 
(metal gauge)" and "MELLAPAK 350Y (metal sheet)" (trade names, products of Sumitomo Heavy Industries, Ltd. ). 

[0117] The operating conditions of the coupling-type distillation column 10 are as follows: 

Operating pressure: atmospheric pressure 

Composition of material liquid M (ordinary industrial product): ethyl acetate 99. 98 (% by weight) 
Composition of product (high-purity product): ethyl acetate 99. 999 (% by weight) 



[01 1 8] By use of a distillation apparatus composed of two distillation columns and the coupling-type distillation column 
10 of the present invention, component A of a low boiling point and component C of a high boiling point were removed 
from the material liquid M, thereby obtaining a product composed of component B; i.e., ethyl acetate of a purity of 
99.999 (% by weight). 

[0119] The distillation apparatus composed of two distillation columns consumed 0.82 (t) of steam per 1 (t) of product 
and 2.3 (kw) of electricity per 1 (t) of product. By contrast, the coupling-type distillation column 10 consumed 0.7 (t) of 
steam per 1 (t) of product and 2.0 (kw) of electricity per 1 (t) of product. 

[0120] The construction cost and the installation area of the coupling-type distillation column 10 were about 65 (%) and 
50 (%), respectively, of those of the distillation apparatus composed of two distillation columns. 

[0121] At a distribution ratio of 2:8, the flow rate of liquid descending in the first chamber 14A was 850-1700 (kg/H), and 
the flow rate of liquid descending in the second chamber 14B was 3400-6800 (kg/H). At a distribution ratio of 4:6, the 
flow rate of liquid descending in the first chamber 14A was 1600-3200 (kg/H), and the flow rate of liquid descending in 
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the second chamber 14B was 2400-4800 (kg/H). 

[0122] Next, the distributor 63 of the fifth section 15 will be described. 

[0123] FIG. 8 is a plan view showing essential portions of the distributor of the fifth section in the first embodiment of the 
present invention. FIG. 9 is a view showing the state of connection between a stand pipe and a main header in the first 
embodiment of the present invention. 

[0124] As shown in the drawings, the distributor 63 includes an open static-pressure-type stand pipe 155, which 
extends vertically, opens upward, and is adapted to establish a predetermined head through accumulation of liquid 
discharged from the collector 62 (FIG. 1 ); a main header 177, which serves as the first distribution section for 
distributing liquid in a direction perpendicular to the partition 23; and a plurality of arm tubes 178, which are connected 
to the main header 177 and serve as the second distribution section for distributing liquid having been distributed by the 
main header 177, in the same direction as that of the partition 23. 

[0125] In the present embodiment, since the exhaust section AR2 of the first distillation section 25 and the enriching 
section AR5 of the third distillation section 27 are adjacent to each other while being separated by the partition 24, the 
exhaust section AR2 assumes the form of a semicylinder. As a result, the liquid cannot be distributed uniformly over the 
entire exhaust section AR2 

[0126] Thus, the main header 177 extends radially outward from a position which is located substantially at the center 
of the column body 70 and adjacent to the partition 23. Also, the main header 177 includes a connection portion 177a 
which is connected to the lower end of the stand pipe 1 55 at a position biased toward the partition 23 from the center of 
the first chamber 1 5A; a first arm portion 1 77b connected to the connection portion 1 77a at the far side with respect to 
the partition 23; and a second arm portion 177c connected to the connection portion 177a at the near side with respect 
to the partition 23. The arm tubes 178 are disposed at equal pitches. In the present embodiment, a single arm tube 178 
is disposed while crossing the connection portion 177a; three arm tubes 178 are disposed while crossing the first arm 
portion 177b; and a single arm tube 178 is disposed while crossing the second arm portion 177c. The stand pipe 155 is 
disposed on the main header 177 at a position located about two-fifth the length of the main header 177 from the end of 
the main header 177 which faces the partition 23. 

[0127] An end of the first arm portion 177b and that of the second arm portion 177c are closed by end plates 177d and 
177e, respectively. Accordingly, a liquid head established in the stand pipe 55 is transmitted uniformly within the main 
header 177 Reference numerals 191 and 192 denote coupling flanges, and reference numerals 193 and 194 denote 
stoppers. 

[0128] A plurality of holes 181 are formed in the bottom of the main header 177. The arm tubes 178 are fixed in place 
while communicating with the main header 1 77 in the vicinity of the bottom of the main header 1 77, and extends in a 
direction perpendicular to the main header 177 while being supported by supports 182. A plurality of holes 183 are 
formed at equal pitches in the bottom of each of the arm tubes 1 78. The opposite ends of each of the arm tubes 1 78 
are closed with end plates 178a and 178b. 

[0129] Since the main header 177 and the arm tubes 178 are connected in the above manner, liquid in the main header 
177 is distributed among the arm tubes 178. 

[0130] Since the main header 177 is connected to the lower end of the stand pipe 155 at a position biased toward the 
partition 23 from the center of the first chamber 1 5A, a pressure loss associated with flow resistance within the main 
header 177 is made the same among the arm tubes 178. 

[0131] Accordingly, the liquid can be distributed uniformly over the entire exhaust section AR2. 

[0132] In the present embodiment, the holes 183 are formed in each arm tube 178 at equal pitches. However, the holes 
183 may be formed at unequal pitches to thereby distribute the liquid uniformly over the entire exhaust section AR2. 

[01 33] The present embodiment is described while mentioning the distributor 63 disposed above the exhaust section 
AR2. The distributor 66 disposed above the enriching section AR5 of the third distillation section 27 is also configured in 
a manner similar to that of the distributor 63. 

[01 34] When the coupling-type distillation column 1 0 is designed, there must be determined the number of thoretical 
stages per meter NTSM (stages/m) in each chamber; height equivalent to a theoretical plate HETP (mm); F factor 
f ((m/s)/ 2ROOT kg/m<3>); 

and pressure loss DELTA P per unit height in chamber (mmHg/m). F factor f is a parameter indicative of a real velocity 
with vapor pressure taken into consideration. When column velocity is represented with u, and vapor density is 
represented with rho (kg/m<3> ), F factor f is expressed as follows 
f = u 2ROOT rho 



[0135] When pressure is represented with P (mmHg), temperature is represented with T ( DEG K), and the number of 
moles is represented with M, the vapor density rho is expressed as follows, 
rho = 273.2 . P . M/22.41 x 760 . T 
= P . M/(62 36) . T 



[01 36] When liquid descends in a chamber where a packing is disposed, while vapor ascends in the chamber, the 
descending liquid causes occurrence of a pressure loss in a flow of the vapor. In the present embodiment, since the 
distributor 61 causes the amount of liquid to be fed to the first-chamber upper-portion to differ from the amount of liquid 
to be fed to the second-chamber upper-portion, the flow rate of liquid descending in the first chamber 14A differs from 
that in the second chamber 14B; i.e., the descending-liquid flow rate differs between the first chamber 14A and the 
second chamber 14B As a result, the first chamber 14A and the second chamber 14B differ in pressure loss. Thus, the 
flow rate of vapor ascending in the first chamber 14A differs from that in the second chamber 14B; i.e., the ascending- 
vapor flow rate differs between the first chamber 14A and the second chamber 14B. 

[0137] Thus, the F factor f is established such that even when the descending-liquid flow rate differs, a pressure loss is 
[01 38] FIG. 1 0 is a table showing the result of simulation of pressure loss in the first embodiment of the present 
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[0139] In this case, the simulation was performed under the following conditions. 

Descending material: ethyl acetate (MW = 88.1 ) 

Operating pressure: atmospheric pressure (760 (mmHg)) 

Operating temperature: 76 ( DEG C) 

Density of vapor: 3.0785 (kg/m<3> ) 

Density of liquid: 900 (kg/m<3> ) 

Surface tension: 20 (dyn/cm) 

Filler A: BX PACKING 

Descending-liquid flow rate: 5, 10, 15, 20, 25, and 30 (m<3> /m<2> hr) 



[0140] Relationship between F factor 
f ((m/s)<SQRT>kg/m<3></SQRT>) 

and ascending-vapor flow rate ( kg/m<2> hr) per unit cross-sectional area: 

0.5 3200 
1.0 6300 
1.5 9500 
2 0 12600 
2.5 15800 



[0141] As mentioned above, BX PACKING was used as the packing A, and the F factor f was varied within a range of 
0.5 to 2.5. As seen from FIG. 10, at an F factor f of 0.5-1.5, pressure loss remains almost unchanged even when the 
descending-liquid flow rate varies. 

[0142] Thus, the present embodiments employs BX PACKING as the packing A for the second section 12 (FIG 1), the 
fourth section 14, the sixth section 16, and the eighth section 18, and an F factor f of 1.0-1.5. Accordingly, since 
pressure loss becomes substantially constant among the second section 12, the fourth section 14, the sixth section 16, 
and the eighth section 18, a pressure loss arising in the first chambers 14A and 16A is equalized with the sum of 
pressure losses arising in the second chambers 14B and 16B. As a result, since descending liquid does not influence 
ascending vapor, the vapor ascends while being distributed uniformly. Notably, an F factor f of 0.5-1 0 may be 
employed In this case, the cross-sectional area of a chamber increases to an extent corresponding to a drop in real 
velocity 

[0143] Distribution of vapor does not require disposition of many instruments, nor does it require execution of 
complicated control through operation of the instruments. Accordingly, the size of the distillation apparatus can be 
reduced, and the cost of the distillation apparatus can be reduced as well. 

[01 44] Since the descending of liquid and the ascending of vapor within the coupling-type distillation column 1 0 can be 
smoothened, occurrence of a channeling phenomenon in the packings A contained in the chambers can be prevented. 
Also, occurrence of maldistribution can be prevented. 

[0145] In the coupling-type distillation column 10, since the partitions 22-24 are disposed in the fourth section 14, the 
fifth section 15, and the sixth section 16, respectively, a difference in pressure loss is likely to arise between the first 
chamber 14A and the second chamber 14B and between the first chamber 16A and the second chamber 16B. Thus, 
second through fourth embodiments of the present invention select packings so as to prevent arising of a difference in 
pressure loss between the first chamber 14A and the second chamber 14B and between the first chamber 16A and the 
second chamber 16B. The second through the fourth embodiments will next be described. 

[0146] FIG. 1 1 is a table showing characteristics of a coupling-type distillation column in the second embodiment of the 
present invention. FIG. 12 is a table showing properties of packings in the second embodiment of the present invention. 

[0147] In this case, BX PACKING was used as packing A for the second section 12, the first chamber 14A and the 
second chamber 14B of the fourth section 14, and the first chamber 16A and the second chamber 16B of the sixth 
section 16, whereas MELLAPAK 350Y was used as packing B for the eighth section 18. 

[0148J Herein, a pressure loss arising in the first chambers 14A and 16A is represented with delta P1 , and a pressure 
loss arising in the second chambers 14B and 16B is represented with delta P2 . Other parameters for the first chambers 
14A and 16A and the second chambers 14B and 16B are represented as follows: the number of theoretical stages: 
NTSi (i = 14A, 16A, 14B, 16B); the number of theoretical stages per meter: NTS Mi (i = 14A, 16A, 14B, 16B) (stages/m); 
and pressure loss per unit height: DELTA Pi (i = 14A, 16A, 14B, 16B). 

[0149] The pressure loss delta P1 is expressed as follows. 

delta P1 = (NTS1 4A/NTSM 1 4A) . DELTA P14A + (NTS14B/NTSM14B) DELTA P14B 



[01 50] The pressure loss delta P2 is expressed as follows. 

delta P2=(NTS16A/NTSM16A) DELTA P16A+(NTS16B/NTSM16B) . DELTA P16B 



[0151] The F factor fi (i = 14A, 16A, 14B, 16B) is calculated with reference to FIG. 11, and the pressure loss DELTA Pi 
and the number of theoretical stages per meter NTSMi (stages/m) corresponding to the F factor fi are calculated with 
reference to FIG. 12, thereby setting the number of theoretical stages NTSi to a predetermined value. As a result, the 
pressure losses delta P1 and delta P2 can establish the following relationship 
delta P1 &efDot; delta P2 



[0152] FIG. 12 merely shows the ranges, not discrete values, of the F factor fi, the pressure loss DELTA Pi , and the 
number of theoretical stages per meter NTSMi. 

[01 53] Next, a third embodiment of the present invention will be described. 



http://v3 .espacenet.com/publicationDetails/description?CC=EP&N R= 1 08474 1 A 1 &KC=A. . . 3/19/2011 



espacenet — Description 



Page 11 of 1 7 



[0154] FIG. 13 is a table showing characteristics of a coupling-type distillation column in the third embodiment of the 
present invention. FIG. 14 is a table showing properties of packings in the third embodiment of the present invention. 

[0155] MELLAPAK 250Y (trade name, product of Sumitomo Heavy Industries, Ltd.) was used as packing C for the 
second section 12 and the eighth section 18, whereas MELLAPAK 250X (trade name, product of Sumitomo Heavy 
Industries, Ltd.) was used as packing D for the first chamber 14A and the second chamber 14B of the fourth section 14 
and the first chamber 16A and the second chamber 16B of the sixth section 16. In this case, since MELLAPAK 250Y 
was used in the second section 12 and the eighth section 18, liquid flow and vapor flow in the coupling-type distillation 
column 10 (FIG, 1) could be stabilized. Since MELLAPAK 250X is used in the first chamber 14A and the second 
chamber 14B of the fourth section 14 and the first chamber 16A and the second chamber 16B of the sixth section 16, 
even when the ascending-vapor flow rate is high, it does not influence pressure losses delta P1 and delta P2. 

[01 56] For example, the number of theoretical stages NTSi assumes the following values. 

NTS14A = 14 (stages) 
NTS14B = 13 (stages) 
NTS16A = 12 (stages) 
NTS16B = 7 (stages) 



[0157] Then, pressure loss delta P1 arising in the first chambers 14A and 16A is calculated as follows, 
delta P1=(NTS14A/NTSM14A). DELTA P14A+(NTS14B/NTSM14B) . DELTA P14B 
= (14/2.2) x 0.8 + (13/2.0) x 4.5 
= 34.34 (mmHg) 



[0158] Pressure loss delta P2 arising in the second chambers 14B and 16B is calculated as follows, 
delta P2=(NTS16A/NTSM). DELTA P16A+(NTS16B/NTSM). DELTA P16B 
=(12/2.0)x4.0+(7/2.0)x3.0 = 34.5 (mmHg) 



[01 59] Accordingly, the pressure losses delta P1 and delta P2 establish the following relationship, 
delta P1 &efDot; delta P2 



[0160] Next, a fourth embodiment of the present invention will be described. 

[0161] FIG. 15 is a table showing characteristics of a coupling-type distillation column in the fourth embodiment of the 
present invention. FIG. 16 is a table showing properties of packings in the fourth embodiment of the present invention. 

[0162] The fourth embodiment is effectively applicable to the case where the number of theoretical stages of the first 
chambers 14A and 16A (NTS14A + NTS16A) differs from that of the second chambers 14B and 16B (NTS14B + 
NTS16B), and the ascending-vapor flow rate of the first chambers 14A and 16A is different from that of the second 
chambers 14B and 16B. Filler C is disposed in the second section 12; packing D is disposed in the first chambers 14A 
and 16A; packing A is disposed in the second chambers 14B and 16B; and packing B is disposed in the eighth section 



[0163] As a result, pressure loss delta P1 arising in the first chambers 14A and 16A and delta P2 arising in the second 
chambers 14B and 16B can establish the following relationship, 
delta P1 &efDot; delta P2 



[0164] Next, fifth and sixth embodiments of the present invention will be described. The fifth and sixth embodiments are 
intended to equalize delta P1 and delta P2 when delta P1 and delta P2 cannot be equalized through mere selection of 
packings A-D. 

[0165] FIG. 17 is a conceptual view of essential portions of a coupling-type distillation column in the fifth embodiment of 
the present invention. FIG. 1 8 is a sectional view of essential portions of the coupling-type distillation column in the fifth 
embodiment of the present invention. 

[0166] In the drawings, reference numeral 113 denotes a third section; reference numerals 114A-116A denote first 
chambers; reference numerals 114B-116B denote second chambers; reference numeral 117 denotes a seventh 
section; and reference numerals 122-124 denote partitions. 

[01 67] The present embodiment is effectively applicable to the case where certain distillation conditions of a coupling- 
type distillation column might cause the ascending-vapor flow rate in the first chambers 1 14A and 1 16A to differ from 
that in the second chambers 114A and 116B. In order to cope with the situation, in the present embodiment, the 
partitions 122-124 are disposed eccentrically such that cross-sectional area S1 of the first chambers 114A and 116A is 
smaller than cross-sectional area S2 of the second chambers 114B and 116B; specifically, as follows. 
S1:S2 = 3:7 



[0168] Notably, when the ascending-vapor flow rate in the first chambers 1 14A and 1 16A is represented with Q1; the 
ascending-vapor flow rate in the second chambers 1 14B and 1 16B is represented with Q2; the column velocity in the 
first chambers 114A and 116B is represented with u1; and the column velocity in the second chambers 114B and 116B 
is represented with u2, the column velocities u1 and u2 are expressed as follows. 

u1 = (Q1/S1) x 3600 (m/s) 

u2 = (Q2/S2) x 3600 (m/s) 



[0169] Through modification of the cross-sectional areas S1 and S2, the column velocities u1 and u2 can be modified 
for harmonization. 
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[0170] Asa result, F factors f1 14A and f116A of the first chambers 1 14A and 116Aand F factors f114B and f116B of 
the second chambers 114B and 116B can be modified. Also, pressure losses per unit height DELTA P11 4A and 
DELTA P116A in the first chambers 114A and 116Aand pressure losses per unit height DELTA P114Band DELTA 
P1 16B in the second chambers 1 14B and 1 16B can be modified. 

[0171] In the present embodiment, through employing different cross-sectional areas S1 and S2, pressure losses per 
unit height DELTA P1 14A and DELTA P1 16A in the first chambers 1 14A and 1 16A and pressure losses per unit height 
DELTA P1 14B and DELTA P1 16B in the second chambers 1 14B and 1 16B are equalized, thereby equalizing delta P1 
and delta P2 

[0172] Next, a sixth embodiment of the present invention will be described. 

[0173] FIG. 19 is a conceptual view of essential portions of a coupling-type distillation column in the sixth embodiment 
of the present invention. FIG. 20 is a sectional view of essential portions of the coupling-type distillation column in the 
sixth embodiment of the present invention. 

[0174] In the drawings, reference numeral 213 denotes a third section; reference numerals 214A-216A denote first 
chambers; reference numerals 214B-216B denote second chambers; reference numeral 217 denotes a seventh 
section; and reference numerals 222-224 denote partitions. 

[0175] The present embodiment is effectively applicable to the case where certain distillation conditions of a coupling- 
type distillation column (night cause the ascending-vapor flow rate in the first chambers 214A and 216A to differ from 
that in the second chambers 21 4B and 21 6B. In order to cope with the situation, in the present embodiment, the 
partitions 222-224 are disposed eccentrically such that cross-sectional area S1 of the first chambers 21 4A and 216A is 
smaller than cross-sectional area S2 of the second chambers 214B and 216B; specifically, as follows 
S1:S2 = 4:6 



[0176] Also, the height of the packing in the first chamber 21 4A is lower than that in the second chamber 214B, and the 
height of the packing in the first chamber 216A is higher than that in the second chamber 216B. 

[0177] The above-described embodiments employ as packings BX PACKING, MELLAPAK 250X, MELLAPAK 250Y, 
and MELLAPAK 350Y However, there may be employed CY PACKING, MELLAPAK 125X, MELLAPAK 125Y, 
MELLAPAK 1 70X, MELLAPAK 1 70Y, MELLAPAK 2X, MELLAPAK 2Y, MELLAPAK 500X, MELLAPAK 500Y, and 
MELLAPAK 750Y (trade names, products of Sumitomo Heavy Industries, Ltd.). 

[0178] Next, a seventh embodiment of the present invention will be described. 

[0179] FIG. 21 is a view for explaining a distributor in the seventh embodiment of the present invention. FIG. 22 is a 
plan view of essential portions of the distributor in the seventh embodiment of the present invention. FIG. 23 is a view 
showing the state of connection between a stand pipe and a main header in the seventh embodiment of the present 
invention. FIG. 24 is a view showing the state of connection between the main header and an arm tube in the seventh 
embodiment of the present invention. 

[0180] In the drawings, reference numeral 12 denotes a second section; reference numeral 13 denotes a third section; 
and reference numeral 14 denotes a fourth section. Liquid descending from the second section 12 is collected by the 
collector 54. The collector 54 includes a cylindrical column body 70; a plurality of collector laminas 71 disposed at 
predetermined pitches in parallel with one another; and a collector box 72 formed along the inner circumferential wall of 
the column body 70 and including an annular gutter. Each of the collector laminas 71 includes a curved portion 73 
located at an upper end thereof; an inclined portion 74 located at a central portion thereof; and a gutter portion 75 
located at a lower end thereof The curved portions 73 and the gutter portions 75 extend horizontally (in a direction 
perpendicular to paper in FIG. 21). 

[0181] Accordingly, liquid descending from the second section 12 impinges against the curved portions 73, flows along 
the inclined portions 74, and is then received by the gutter portions 75. The received liquid flows horizontally in the 
gutter portions 75 and then reaches the collector box 72. Subsequently, the liquid in the collector box 72 is transmitted 
to the center of the column body 70 by means of a liquid collection pipe 252. Then, the liquid is discharged to a 
distributor 261 from a discharge pipe 253. 

[0182] The distributor 261 includes an open static-pressure-type stand pipe 255, which opens upward, extends 
vertically, and is adapted to establish a predetermined head through accumulation of liquid discharged from the 
discharge pipe 253; a main header 277, which serves as the first distribution section for distributing liquid in a direction 
perpendicular to the partition 22; and a plurality of arm tubes 278, which are connected to the main header 277 and 
serve as the second distribution section for distributing liquid having been distributed by the main header 277, in the 
same direction as that of the partition 22. Accordingly, the liquid can be distributed uniformly over the entire fourth 



[0183] In the present embodiment, the distribution ratio of liquid in the fourth section 14 between the first chamber 14A 
and the second chamber 14B can be established and can be changed as well. The distribution ratio is established on 
the basis of distillation conditions, such as components A-C of the material liquid M, the composition of components A- 
C of the material liquid M, the number of theoretical stages of the coupling-type distillation column 10 (FIG. 1), and the 
required purity (quality) of a product. In this case, since a product is discharged from the side cut nozzle 42 located at 
the second chamber 1 5B of the fifth section 1 5, the amount of liquid distributed to the second chamber 1 4B is greater 
than that distributed to the first chamber 14A. For example, the distribution ratio is set to 2:8 to 5:5 according to the 
required purity of a product. A load factor within the range of operation is usually set to 1:2.5. 

[0184] Accordingly, distillation can be performed in the optimum state according to distillation conditions, thereby 
increasing distillation efficiency. As a result, energy consumption in the distillation apparatus can be reduced. 
Furthermore, since there is no need for employing a complicated instrumentation control system, an increase in the size 
of the distillation apparatus can be prevented, thereby reducing the cost of the distillation apparatus. 

[0185] The main header 277 extends across and over the partition 22 and includes a first arm portion 277a extending 
toward the first chamber 14A and a second arm portion 277b extending toward the second chamber 14B. The lower 
end of the stand pipe 255 is connected to the center of the main header 277. An end of the first arm portion 277a and 
that of the second arm portion 277b are each closed with an end plate 277c. Accordingly, a liquid head established in 
the stand pipe 255 is transmitted uniformly within the main header 277. A plurality of holes 281 are formed in the bottom 



http://v3.espacenet.com/publicationDetails/description?CC=EP&NR=1084741Al&KC=A... 3/19/2011 



espacenet — Description 



Page 13 of 17 



[0186] The arm tubes 278 are fixed in place while communicating with the main header 277 in the vicinity of the bottom 
of the main header 277, and extends in a direction perpendicular to the main header 277. The arm tubes 278 are 
supported by supports 282 A plurality of holes 283 are formed at equal pitches in the bottom of each of the arm tubes 
278 Notably, holes, notches, or the like may be formed in the arm tubes 278 at side positions The opposite ends of 
each of the arm tubes 278 are closed with end plates 278a. Since the main header 277 and the arm tubes 278 are 
connected in this manner, liquid in the main header 277 is distributed among the arm tubes 278. 

[01 87] In order to make the amount of liquid to be fed to the first chamber 1 4A differ from the amount of liquid to be fed 
to the second chamber 14B, the following parameters are established according to the distribution ratio: the diameter 
d11 and the number n11 of the holes 281 formed in the first arm portion 277a; the diameter d1 2 and the number n12 of 
the holes 281 formed in the second arm portion 277b; the diameter d13 and the number n13 of the holes 283 formed in 
the arm tubes 278 disposed on the side of the first chamber 14A; and the diameter d14 and the number n14 of the 
holes 283 formed in the arm tubes 278 disposed on the side of the second chamber 14B. 

[01 88] Thus, when the amount of liquid to be fed to the first chamber 1 4A is represented with q1 1 , and the amount of 
liquid to be fed to the second chamber 14B is represented with q12, q1 1 and q12 are expressed as follows 

q11=( pi/4)d1K2>.n11+( pi /4)d13<2>.n13 

q12=( pi /4)d12<2>.n12+( pi /4)d14<2>. M4 



[0189] When the diameters d11 and d12 are established according to the distribution ratio, and the numbers n11 and 
n12 are equalized, the cross-sectional areas of portions of a packing assigned to the individual holes 281 and 283 can 

[0190] Since, the distribution ratio can be established according to distillation conditions, there is no need for employing 
a complicated instrumentation control system. Accordingly, the size of the distillation apparatus can be reduced, and 
the cost of the distillation apparatus can be reduced as well. 

[0191] Furthermore, since in the first chamber 14A and the second chamber 14B, the amount of liquid descending from 
the holes 281 and 283 can be equalized, there can be prevented occurrence of a channeling phenomenon in the 
packings contained in the first and second chambers 14A and 14B. 

[0192] Next, an eighth embodiment of the present invention will be described. 

[0193] FIG. 25 is a view for explaining a stand pipe in the eighth embodiment of the present invention. 

[0194] In this case, a taper portion 226 is formed at the upper end of a stand pipe 225 Accordingly, liquid discharged 
from the discharge pipe 253 (FIG 21 ) enters the stand pipe 225 smoothly via the taper portion 226. 

[0195] Next, a ninth embodiment of the present invention will be described. 

[01 96] FIG. 26 is a schematic view of essential portions of a coupling-type distillation column in the ninth embodiment of 
the present invention. 

[0197] In the drawing, liquid descending from the second section 12 (FIG. 21) is collected by a collector 345. The 
collector 345 includes a cylindrical column body 70; a plurality of collector laminas 71 disposed at predetermined 
pitches in parallel with one another; and a collector box 72 formed along the inner circumferential wall of the column 
body 70 and including an annular gutter. 

[0198] Liquid descending from the second section 12 is transmitted to the collector box 72. Subsequently, the liquid in 
the collector box 72 is transmitted to discharge pipes 353 and 354, which are disposed at the center of the first chamber 
14A and the center of the second chamber 14B, respectively. Then, the liquid is discharged to distributor 361 and 362 
from the discharge pipes 353 and 354, respectively. 

[0199] The distributor 361 (362) includes an open static-pressure-type stand pipe 375 (376), which opens upward, 
extends vertically, and is adapted to establish a predetermined head through accumulation of liquid discharged from the 
discharge pipe 353 (354); a main header 377 (379), which serves as the first distribution section for distributing liquid in 
a direction perpendicular to the partition 22; and a plurality of arm tubes 378 (380), which are connected to the main 
header 377 (379) and serve as the second distribution section for distributing liquid having been distributed by the main 
header 377 (379), in the same direction as that of the partition 22. Accordingly, the liquid can be distributed uniformly 

[0200] The distribution ratio of liquid between the first chamber 14A and the second chamber 14B is established 
through adjustment of the amount of liquid discharged from the discharge pipes 353 and 354. To this end, holes formed 
in the discharge pipes 353 and 354 and in the arm tubes 378 and 380 assume different diameters according to the 



[0201] Next, a tenth embodiment of the present invention will be described. 

[0202] FIG. 27 is a schematic view of a distributor in the tenth embodiment of the present invention. 

[0203] In this case, a distributor 331 assumes a two-level structure and includes main headers 337 and 338, which 
serve as the first distribution section for distributing liquid in a direction perpendicular to the partition 22 (FIG. 26); and a 
plurality of arm tubes 339 and 340, which are connected to the main headers 337 and 338, respectively, and serve as 
the second distribution section for distributing liquid having been distributed by the main headers 337 and 338, in the 
same direction as that of the partition 22. Accordingly, the liquid can be distributed uniformly over the entire fourth 
section 14. (FIG 21) Notably, the positions of the arm tubes 339 and 340 are established such that the arm tubes 340 
are not disposed under unillustrated holes formed in the arm tubes 339. Reference numeral 225 denotes a stand pipe 

*[0204] In this case, the distribution ratio is set to 2:8 to 5:5 according to the required purity of a product. A load factor 
within the range of operation is set to 1 :20 as usual. 
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[0205] The diameter of unillustrated holes formed in the arm tubes 339 and 340 disposed on the side of the first 
chamber 14A and the diameter of unillustrated holes formed in the arm tubes 339 and 340 disposed on the side of the 
second chamber 14B are established according to the distribution ratio. 

[0206] In the present embodiment, a single distributor 331 is disposed above the fourth section 14. However, as in the 
case of the ninth embodiment, the distributor 331 may be disposed above each of the first and second chambers 14A 
and 14B. In this case, the diameter of holes formed in the arm tubes 339 and 340 disposed above the first chamber 
14A and the diameter of holes formed in the arm tubes 339 and 340 disposed above the second chamber 14B can be 
rendered different from each other. Also, the level of liquid contained in one of the two distributors 331 can be set 
somewhere between the main header 337 and the main header 338 

[0207] Next, an eleventh embodiment of the present invention will be described. 

[0208] FIG. 28 is a schematic view of a distributor in the eleventh embodiment of the present invention. 

[0209] In this case, a distributor 381 assumes a one-sided two-level structure; specifically, the distributor 381 assumes 
a single-level structure on the side of the first chamber 14A (FIG. 21) while assuming a two-level structure on the side 
of the second chamber 14B. The distributor 381 includes main headers 387-389, which serve as the first distribution 
section for distributing liquid in a direction perpendicular to the partition 22; and a plurality of arm tubes 391-393, which 
are connected to the main headers 387-389 and serve as the second distribution section for distributing liquid having 
been distributed by the main headers 387-389, in the same direction as that of the partition 22. Accordingly, the liquid 
can be distributed uniformly over the entire fourth section 14. The present embodiment is applied to the case where an 
established distribution ratio is significantly imbalanced. Notably, the positions of the arm tubes 392 and 393 are 
established such that the arm tubes 393 are not disposed under unillustrated holes formed in the arm tubes 392. 
Reference numeral 225 denotes a stand pipe. 

[0210] The diameter of unillustrated holes formed in the arm tubes 391 and the diameter of unillustrated holes formed in 
the arm tubes 392 and 393 are established according to the distribution ratio. 

[021 1] In the above-described ninth through eleventh embodiments, liquid is fed to the liquid collection pipe 252 or 352 
from two circumferential positions of the collector box 72. However, when the diameter of the column body 70 is small, 
liquid may be fed to the liquid collection pipe from a single circumferential position of the collector box 72. 

[021 2] Next, a twelfth embodiment of the present invention will be described. 

[0213] FIG. 29 is a schematic view of essential portions of a coupling-type distillation column in the twelfth embodiment 

[0214] In the drawing, liquid descending from the second section 12 (FIG. 21) is collected by a collector 54. The 
collector 54 includes a cylindrical column body 70; a plurality of collector laminas 71 disposed at predetermined pitches 
in parallel with one another, and a collector box 72 formed along the inner circumferential wall of the column body 70 
and including an annular gutter. 

[0215] Liquid descending from the second section 12 is transmitted to the collector box 72. Subsequently, the liquid in 
the collector box 72 is transmitted to the center of the column body 70 by a liquid correction pipe 395 and is then 
discharged from a nozzle 396. 

[0216] Meanwhile, liquid descending from the enriching section AR1 of the first distillation section 25 (FIG. 1) must be 
brought into contact with vapor ascending in the exhaust section AR2. If the material liquid M is fed via the feed nozzle 
41 as it is, liquid flows in a biased manner, causing insufficient contact between liquid and vapor in the enriching section 
AR1 and the exhaust section AR2. 

[021 7] Liquid descending from the exhaust section AR4 of the second distillation section 26 is brought into contact with 
vapor ascending in the enriching section AR5 of the third distillation section 27, and a portion of the liquid is withdrawn 
as a product. If in order to withdraw the product, an unillustrated liquid receiver is projected to a great extent into the 
second chamber 15B, the liquid receiver causes a biased flow of vapor, resulting in insufficient contact between liquid 
and vapor in the exhaust section AR4 and the enriching section AR5. 

[0218] In order to cope with the above problem, a thirteenth embodiment of the present invention employs a lamina- 
type collector The thirteenth embodiment will next be described. Structural features similar to those of the first 
embodiment are denoted by common reference numerals, and repeated description thereof is omitted. 

[0219] FIG. 30 is a conceptual view of a coupling-type distillation column in the thirteenth embodiment of the present 
invention. FIG. 31 is a sectional view of essential portions of a collector in the thirteenth embodiment of the present 
invention. FIG. 32 is a plan view of the collector in the thirteenth embodiment of the present invention. FIG. 33 is a plan 
view of a collector box in the thirteenth embodiment of the present invention. FIG. 34 is a sectional view of the collector 
box in the thirteenth embodiment of the present invention. FIGS. 31 and 32 show only a collector 462, whereas FIGS. 
33 and 34 show collectors 462 and 465. 

[0220] In this case, the collector 462 includes a column body 70; a partition 23 for dividing a fifth section 15 in the 
column body 70 into a semispherical first chamber 15A and a semispherical second chamber 15B; a collector box 72 
for forming a liquid collection gutter 491 along the inner wall of each of the column body 70 and the partition 23; a 
lamina support 492 extending on the collector box 72; and a plurality of collector laminas 493 and 494 disposed along 
the lamina support 492 at predetermined pitches and in parallel with one another. As shown in FIG. 32, the collector 
laminas 493 and 494 extend on an inner circumferential wall 72a of the collector box 72 between the column body side 
of the wall 72a and the partition side of the wall 72a and in a direction perpendicular to the partition 23. 

[0221] Each of the collector laminas 493 and 494 includes a bent portion 473 located at an upper end thereof; an 
inclined portion 474 located at a central portion thereof; and a gutter portion 475 located at a lower end thereof. The 
bent portions 473 and the gutter portions 475 extend horizontally (in a direction perpendicular to paper of FIG. 31 and 
extending away from the back side of the paper). The central collector lamina 494 includes a single gutter portion 475, 
two inclined portions 474 and two bent portions 473. The two inclined portions 474 are inclined in such a manner as to 
extend away from the center of the first chamber 15A The collector laminas 493 are disposed on the opposite sides of 
the collector lamina 494, for example, 4 pieces each, and inclined in such a manner as to extend away from the center 
of the first chamber 1 5A. The end of each bent portion 473 overlaps the inclined portion 474 of the adjacent collector 
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lamina 493 such that descending liquid impinges against the collector laminas 493 and 494 without fail. 

[0222] One end of each of the gutter portions 475 faces the column body side of the liquid collection gutter 491 while 
the other end of each of the gutter portions 475 faces the partition side of the liquid collection gutter 491 . Thus, liquid 
collected in the gutter portions 475 is transmitted to the liquid collection gutter 491 from the column body 70 side or the 
partition 23 side of the gutter portions 475. At a portion of the liquid collection gutter 491 which is located the farthest 
from the partition 23, a feed nozzle 41 is connected to the column body 70, and a liquid draw nozzle 495 is connected 
to the collector box 72. The collector 465 assumes a structure similar to that of the collector 462. At a portion of the 
liquid collection gutter 491 which is located the farthest from the partition 23, a side cut nozzle 42 is connected to the 
column body 70, and a liquid draw nozzle 495 is connected to the collector box 72. 

[0223] In this case, the column body 70, the partition 23, and the collectors 462 and 465 constitute a liquid collection 



[0224] Accordingly, liquid descending from the first chamber 14A of the fourth section 14 impinges against the collector 
laminas 493 and 494 of the collector 462, flows along the inclined portions 474, and is then received by the gutter 
portions 475. The received liquid flows horizontally in the gutter portions 475 and then reaches the liquid collection 
gutter 491. In the liquid collection gutter 491, the material liquid M fed from the feed nozzle 41 is mixed with the liquid 
therein. Subsequently, the liquid in the liquid collection gutter 491 is withdrawn through the liquid draw nozzle 495 and 
transmitted to a distributor 63. The distributor 63 feeds the liquid to a first chamber 16A of a sixth section 16. In this 
case, in the liquid collection gutter 491, the material liquid M fed from the feed nozzle 41 is mixed with the liquid 
collected by the collector 462. The resultant mixture is fed to the first chamber 16A by means of the distributor 63; thus, 
a biased flow of liquid does not occur. 

[0225] Vapor ascending from the first chamber 16A passes through gaps between the collector laminas 493 and 494 of 
the collector 462 and ascends along the inclined portions 474 and away from the center of the first chamber 15A. At this 
time, since the vapor ascends smoothly along the inclined portions 474, a pressure loss caused by the collector 462 
becomes almost negligibly small. Thus, a biased flow of vapor does not occur. 

[0226] Since a biased flow of liquid and vapor does not occur, liquid and vapor can make sufficient contact with each 
other in the enriching section AR1 and the exhaust section AR2. 

[0227] Likewise, liquid descending from the second chamber 14B of the fourth section 14 impinges against the collector 
laminas 493 and 494 of the collector 465, flows along the inclined portions 474, and is then received by the gutter 
portions 475. The received liquid flows horizontally in the gutter portions 475 and then reaches the liquid collection 
gutter 491 . A portion of the liquid in the liquid collection gutter 491 is withdrawn as a product from the side cut nozzle 
42. Subsequently, the liquid in the liquid collection gutter 491 is withdrawn through the liquid draw nozzle 495 and 
transmitted to a distributor 66. The distributor 66 feeds the liquid to a second chamber 16B of a sixth section 16. In this 
case, since there is no need for projecting the collector box 72 to a great extent into the second chamber 1 5B in order 
to withdraw the product, the collector box 72 does not cause a biased flow of vapor. 

[0228] Vapor ascending from the second chamber 16B passes through gaps between the collector laminas 493 and 
494 of the collector 465 and ascends along the inclined portions 474 and away from the center of the second chamber 
15B. At this time, since the vapor ascends smoothly along the inclined portions 474, a pressure loss caused by the 
collector 465 becomes almost negligibly small. Thus, a biased flow of vapor does not occur. 

[0229] Since a biased flow of vapor does not occur, liquid and vapor can make sufficient contact with each other in the 
exhaust section AR4 and the enriching section AR5. 

[0230] Next, a fourteenth embodiment of the present invention will be described. Structural features similar to those of 
the thirteenth embodiment are denoted by common reference numerals, and repeated description thereof is omitted. 

[0231] FIG. 35 is a view showing the state of mounting of a collector in the fourteenth embodiment of the present 
invention. FIG. 36 is a sectional view of essential portions of a coupling-type distillation column in the fourteenth 
embodiment of the present invention. FIG. 37 is a plan view of the collector in the fourteenth embodiment of the present 
invention. FIG. 38 is a sectional view of the collector in the fourteenth embodiment of the present invention. FIG. 39 is a 
view showing a gasket in the fourteenth embodiment of the present invention. 

[0232] In this case, the first chamber 1 5A of the fifth section 15 (FIG. 30) includes a lamina-type collector 562 disposed 
just above the feed nozzle 41 and a tubular distributor 563 disposed just under the feed nozzle 41 . Liquid collected by 
the collector 562, together with the material liquid M fed through the feed nozzle 41 , is fed to the first chamber 16A of 
the sixth section 16 by means of the distributor 563. The distributor 563 includes an open static-pressure-type liquid 
collection pipe 563a; a main header 563b connected to the liquid collection pipe 563a and extending in a direction 
perpendicular to the partition 23; and a plurality of arm channels 563c connected to the main header 563b and 
extending in parallel with the partition 23 (in a direction perpendicular to paper of FIG. 36 and extending away from the 
back side of the paper). A plurality of unillustrated holes are formed in the arm channels 563c. 

[0233] The second chamber 1 5B of the fifth section 1 5 includes a lamina-type collector 565 disposed just above the 
side cut nozzle 42 and a tubular distributor 566 disposed just under the side cut nozzle 42. Liquid collected by the 
collector 565 is discharged as a product from the side cut nozzle 42 and fed to the second chamber 16B of the sixth 
section 16 by means of the distributor 566. The distributor 566 includes an open static-pressure-type liquid collection 
pipe 566a; a main header 566b connected to the liquid collection pipe 566a and extending in a direction perpendicular 
to the partition 23; and a plurality of arm channels 566c connected to the main header 566b and extending in parallel 
with the partition 23 (in a direction perpendicular to paper of FIG. 36 and extending away from the back side of the 
paper). A plurality of unillustrated holes are formed in the arm channels 566c. 

[0234] As shown in FIG. 35, the collectors 562 and 565 include a column body 70; a partition 23 for dividing the fifth 
section 15 in the column body 70 into a semispherical first chamber 15A and a semispherical second chamber 15B; a 
collector box 72 for forming a liquid collection gutter 591 along the inner wall of each of the column body 70 and the 
partition 23; a lamina support 592 extending on the collector box 72; and a plurality of collector laminas 593 disposed 
along the lamina support 592 at predetermined pitches and in parallel with one another. As shown in FIG. 37, the 
collector laminas 593 extend on an inner circumferential wall 72a of the collector box 72 between the column body side 
of the wall 72a and the partition side of the wall 72a and in a direction perpendicular to the partition 23. 

[0235] Each of the collector laminas 593 includes a bent portion 573 located at an upper end thereof; an inclined portion 
574 located at a central portion thereof; and a gutter portion 575 located at a lower end thereof. The bent portions 573 
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and the gutter portions 575 extend horizontally (in a direction perpendicular to paper of FIG. 38 and extending away 
from the back side of the paper) Every two adjacent collector laminas 593 are fixed to the corresponding upright 
portions 592a of the laminar support 592. 

[0236] The end of each bent portion 573 overlaps the inclined portion 574 of the adjacent collector lamina 593 such that 
descending liquid impinges against the collector laminas 593 without fail. 

[0237] One end of each of the gutter portions 575 faces the column-body-side portion 591a of the liquid collection gutter 
591 while the other end of each of the gutter portions 575 faces the partition-side portion 591 b of the liquid collection 
gutter 591 . Thus, liquid collected in the gutter portions 575 is transmitted to the liquid collection gutter 591 from the 
column body 70 side or the partition 23 side of the gutter portions 575. At a portion of the liquid collection gutter 591 
which is located the farthest from the partition 23, the feed nozzle 41 is connected to the column body 70, and a liquid 
draw nozzle 595 is connected to the collector box 72. The collector 565 assumes a structure similar to that of the 
collector 562. At a portion of the liquid collection gutter 591 which is located the farthest from the partition 23, the side 
cut nozzle 42 is connected to the column body 70, and a liquid draw nozzle 595 is connected to the collector box 72. 

[0238] In this case, the column body 70, the partition 23, and the collectors 562 and 565 constitute a liquid collection 



[0239] Accordingly, liquid descending from the first chamber 14A of the fourth section 14 impinges against the collector 
laminas 593 of the collector 562, flows along the inclined portions 574 and is then received by the gutter portions 575. 
The received liquid flows horizontally in the gutter portions 575 and then reaches the liquid collection gutter 591. In the 
liquid collection gutter 591 , the material liquid M fed from the feed nozzle 41 is mixed with the liquid therein. 
Subsequently, the liquid in the liquid collection gutter 591 is withdrawn through the liquid draw nozzle 595 and 
transmitted to the distributor 563. The distributor 563 feeds the liquid to the first chamber 16A of the sixth section 16. In 
this case, in the liquid collection gutter 591, the material liquid M fed from the feed nozzle 41 is mixed with the liquid 
collected by the collector 562. The resultant mixture is fed to the first chamber 16A by means of the distributor 563, 
thus, a biased flow of liquid does not occur. 

[0240] Vapor ascending from the first chamber 16A passes through gaps between the collector laminas 593 of the 
collector 562 and ascends along the inclined portions 574 and away from the center of the column body 70. At this time, 
since the vapor ascends smoothly along the inclined portions 574, a pressure loss caused by the collector 562 
becomes almost negligibly small. Thus, a biased flow of vapor does not occur. 

[0241] Since a biased flow of liquid and vapor does not occur, liquid and vapor can make sufficient contact with each 
other in the enriching section AR1 and the exhaust section AR2. 

[0242] Likewise, liquid descending from the second chamber 14B of the fourth section 14 impinges against the collector 
laminas 593 of the collector 565, flows along the inclined portions 574, and is then received by the gutter portions 575. 
The received liquid flows horizontally in the gutter portions 575 and then reaches the liquid collection gutter 591. A 
portion of the liquid in the liquid collection gutter 591 is withdrawn as a product from the side cut nozzle 42. 
Subsequently, the liquid in the liquid collection gutter 591 is withdrawn through the liquid draw nozzle 595 and 
transmitted to the distributor 566. The distributor 566 feeds the liquid to the second chamber 16B of the sixth section 
16. In this case, since there is no need for projecting the collector box 72 to a great extent into the second chamber 15B 
in order to withdraw the product, the collector box 72 does not cause a biased flow of vapor. 

[0243] Vapor ascending from the second chamber 1 6B passes through gaps between the collector laminas 593 of the 
collector 565 and ascends along the inclined portions 574. At this time, since the vapor ascends smoothly along the 
inclined portions 574, a pressure loss caused by the collector 565 becomes almost negligibly small. Thus, a biased flow 
of vapor does not occur. 

[0244] Since a biased flow of vapor does not occur, liquid and vapor can make sufficient contact with each other in the 
exhaust section AR4 and the enriching section AR5. 

[0245] Meanwhile, the column body 70 constitutes the fifth section 15. For connection between the column body 70 and 
the fourth section (hereinafter called an "upper column body") 14, an annular flange 596 is formed at the upper end of 
the column body 70, and an unillustrated annular flange is formed at the lower end of the upper column body, both in 
such a manner as to project radially outward. An annular stepped portion 597 is formed on the upper surface of the 
flange 596 along an inner circumferential edge of the flange 596. Also, an engagement portion 23a is formed In the 
vicinity of the upper end of the partition 23 in such a manner as to radially project into the first and second chambers 

[0246] An engagement flange 72b is formed along the circumferential edge of the upper end of the collector box 72 in 
such a manner as to correspond to the stepped portion 597 and the engagement portion 23a 

[0247] The collectors 562 and 565 are preassembled into a single unit. The thus-assembled collectors 562 and 565 are 
installed in place such that the engagement flange 72b rests on the stepped portion 597 and the engagement portion 
23a; i.e., the upper end of the collector box 72 rests on the upper end of the column body 70 and on the upper end of 
the partition 23. While a gasket 598 is placed on the flange 596 and the partition 23, the flange 596 and the flange of 
the upper column body are connected by means of bolts or the like. In this manner, the collectors 562 and 565 can be 
easily mounted on the column body 70. Assuming a shape corresponding to the column body 70 and the partition 23, 
the gasket 598 seals the upper end of the collector box 72 and is composed of a portion 598a corresponding to the 
column body 70 and extending circumferentially and a portion 598b corresponding to the partition 23 and extending 
diametrally. 

[0248] In this case, since there is no need for assembling the collectors 562 and 565 in the coupling-type distillation 
column 10, assembling work can be simplified. 

[0249] The present invention is not limited to the above-described embodiments. Numerous modifications and 
variations of the present invention are possible in light of the spirit of the present invention, and they are not excluded 
from the scope of the present invention. 



INDUSTRIAL APPLICABILITY 
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[0250] The present invention can be applied to a distillation apparatus for obtaining products through distillation-effected 
separation of a plurality of components contained in a material liquid. 
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DEVICE AND METHOD FOR DISTILLATION 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 
Claims of EP 1084741 (A1) 

1 A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body into a first chamber and a second chamber, which are 
adjacent to each other; 

(c) a feed nozzle for feeding into said column body a material liquid containing at least fi rst to third components; 

(d) a first distillation section comprising an enriching section located at an upper portion thereof and an exhaust section 
located at a lower portion thereof; 

(e) a second distillation section disposed such that at least a portion thereof is adjacent to the top of said column body, 
and comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower 
portion thereof; 

(f) a third distillation section disposed such that at least a portion thereof is adjacent to the bottom of said column body, 
and comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower 
portion thereof; 

(g) fi rst discharge means for discharging the first component; 

(h) second discharge means for discharging the second component; and 

(i) third discharge means for discharging the third component, wherein 

(j) said partition is biased such that the cross-sectional area of the first chamber differs from that of the second 



2. A distillation apparatus as described in claim 1 , wherein said first distillation section is disposed at the center of said 
column body. 

3. A distillation apparatus as described in claim 1 , wherein said feed nozzle is adapted to feed the material liquid into 
the first distillation section. 

4. A distillation apparatus as described in claim 1 , wherein a packing is disposed in at least the enriching section and 
the exhaust section of said first distillation section such that the packing disposed in the enriching section and the 
packing disposed in the exhaust section are independent of each other. 

5. A distillation apparatus as described in claim 1, wherein: 

(a) said second distillation section comprises the enriching section connected to and formed above an upper end of 
said first distillation section; and the exhaust section formed below the upper end and located adjacent to the enriching 
section of said first distillation section while being separated by said partition; and 

(b) said third distillation section comprises the enriching section connected to and formed above a lower end of said first 
distillation section, and located adjacent to the exhaust section of said first distillation section while being separated by 
said partition; and the exhaust section formed below the lower end. 



6. A distillation apparatus as described in claim 3, wherein said feed nozzle is disposed between the enriching section 
and the exhaust section in said first distillation section. 

7. A distillation apparatus as described in claim 4, wherein the packings are of the same kind. 

8. A distillation apparatus as described in claim 4, wherein the packings are of different kinds. 

9. A distillation apparatus characterized by comprising: 

(b) a partition for dividing the interior of said column body into a first chamber and a second chamber, which are 
adjacent to each other; 

(c) a feed nozzle for feeding into said column body a material liquid containing at least first to third components; 

(d) a first distillation section comprising an enriching section located at an upper portion thereof and an exhaust section 
located at a lower portion thereof; 

(e) a second distillation section disposed such that at least a portion thereof is adjacent to the top of said column body, 
and comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower 
portion thereof; 

(f) a third distillation section disposed such that at least a portion thereof is adjacent to the bottom of said column body, 
and comprising an enriching section located at an upper portion thereof and an exhaust section located at a lower 
portion thereof; 

(g) first discharge means for discharging the first component; 

(h) second discharge means for discharging the second component; and 

(i) third discharge means for discharging the third component, wherein 

(j) liquid descending from the enriching section of said second distillation section is distributed between the enriching 
section of said first distillation section and the exhaust section of said second distillation section at a distribution ratio 
which is predetermined on the basis of distillation conditions; and 

(k) a pressure loss arising in said first distillation section is equalized with sum of a pressure loss arising in the exhaust 
section of said second distillation section and a pressure loss arising in the enriching section of said third distillation 



10. A distillation apparatus as described in claim 9, wherein an F factor in at least said first distillation section, the 
exhaust section of said second distillation section, and the enriching section of said third distillation section is set to a 
value that enables obtainment of a pressure loss almost free from influence of the amount of descending liquid. 

1 1 . A distillation apparatus as described in claim 9, wherein an F factor in at least said first distillation section, the 
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exhaust section of said second distillation section, and the enriching section of said third distillation section is 1 .0-1 .5. 

12. A distillation apparatus as described in claim 9, wherein the pressure losses are calculated on the basis of the 
number of theoretical stages, the number of thoretical stages per meter, and a pressure loss per unit height 

1 3. A distillation apparatus as described in claim 9, wherein the ratio between the cross-sectional area of said first 

between the cross-sectional area of said first distillation section and the cross-sectional area of the enriching section of 
said third distillation section are established according to the amount of ascending vapor. 

14. A distillation apparatus characterized by comprising: 

(b) a partition for dividing the interior of said column body into a plurality of chambers, which are adjacent to one 

(c) a collector disposed within said column body and adapted to collect liquid descending from above; and 

(d) a channel-type distributor for distributing liquid collected by said collector, among the chambers in different portions. 



15. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body into a plurality of chambers, which are adjacent to one 

(c) a collector disposed within said column body and adapted to collect liquid descending from above; and 

(d) an open static-pressure-type tubular distributor for distributing liquid collected by said collector, among the 
chambers in different portions. 



16. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body into a plurality of chambers, which are adjacent to one 

(c) a collector disposed within said column body and adapted to collect liquid descending from above; and 

(d) an open static-pressure-type tubular distributor for distributing liquid collected by said collector to a single chamber 
located therebelow, wherein 

(e) said distributor comprises an open static-pressure-type stand pipe for accumulating liquid discharged from said 
collector so as to establish a predetermined head; a first distribution section for distributing liquid in a direction 
perpendicular to said partition; and a second distribution section disposed in connection with the first distribution section 
and adapted to distribute liquid having been distributed by the first distribution section, in the same direction as that of 
said partition; and 

(f) the first distribution section is connected to a lower end of the stand pipe at a position biased toward said partition 
from the center of the chamber. 



17. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body into a plurality of chambers, which are adjacent to one 
another; 

(c) a collector box for forming a liquid collection gutter along an inner wall of each of said column body and said 
partition; and 

(d) a plurality of collector laminas disposed on said collector box at predetermined pitches in parallel with one another, 

(e) each of said collector laminas comprises an inclined portion and a gutter portion, and one end of the gutter portion 
faces the column body side of the liquid collection gutter while the other end of the gutter portion faces the partition side 
of the liquid collection gutter. 



18. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body into a plurality of chambers, which are adjacent to one 

(c) a collector box for forming a liquid collection gutter along an inner wall of each of said column body and said 
partition; and 

(d) a plurality of collector laminas disposed on said collector box at predetermined pitches in parallel with one another, 

(e) said collector box and said collector laminas are assembled in advance, and said collector box is engaged with said 
column body and said partition. 



19 A distillation apparatus as described in claim 18, wherein: 

(a) an upper end of said collector box is engaged with said column body and said partition; and 

(b) a flange of said column body and said partition are sealed against each other by means of a gasket assuming a 
form corresponding to said column body and said partition. 



20. A distillation method characterized by comprising the steps of: 

(a) feeding a material liquid containing at least first to third components into a column body which comprises a first 
distillation section comprising an enriching section located at an upper portion thereof and an exhaust section located at 
a lower portion thereof; a second distillation section disposed such that at least a portion thereof is adjacent to the top 
of the column body, and comprising an enriching section located at an upper portion thereof and an exhaust section 
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located at a lower portion thereof; a third distillation section disposed such that at least a portion thereof is adjacent to 
the bottom of the column body, and comprising an enriching section located at an upper portion thereof and an exhaust 
section located at a lower portion thereof; and a partition which is disposed in a biased manner so as to render the 
cross-sectional area of a first chamber different from that of a second chamber; 

(b) condensing vapor containing a predetermined component, by means of a condenser connected to an upper end of 

(c) evaporating liquid containing a predetermined component, by means of an evaporator connected to a lower end of 

(d) obtaining liquid rich in the first component at the upper end of the second distillation section; liquid rich in the third 
component at the lower end of the third distillation section; and liquid rich in the second component at a section where 
the partition is disposed. 



21 . A distillation method as described in claim 1 9, wherein the first component is lower in boiling point than the second 
component, which in turn is lower in boiling point than the third component. 
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